Objectives-Studies have shown that common carotid intima media thickness (CIMT) measured by B-mode sonography increases with body mass index (BMI) among subjects with cardiovascular diseases in different populations. However, association of body fat and subclinical atherosclerosis in the absence of these cardiovascular diseases is understudied. We aimed to evaluate the correlation between BMI and CIMT in a healthy adult population of black African ancestry.
B
ody mass index (BMI) has been demonstrated as a reliable indicator of overall obesity in adults. It is defined as an anthropometric measure of body mass, calculated as weight in kilograms divided by height in square meters, a method of determining caloric nutritional status. 1 A BMI of 20 to 24.9 kg/m 2 is desirable. However, individuals with a BMI of 25 kg/m 2 or greater and less than 30 kg/m 2 are regarded as being overweight, whereas those with a BMI of 30 kg/m 2 or greater are regarded as obese. 2 Obesity is a cardiovascular risk factor, which leads to development of cardiovascular diseases (CVDs), sleep apnea, and certain cancers such as breast and colorectal cancers. 3 Obesity is becoming a global pandemic, and there has been an explosive increase in its prevalence worldwide in recent times. 4, 5 This has led to increased morbidity and mortality globally. 4, 5 In Nigeria, the prevalence of overweight individuals ranges from 20.3% to 35.1%, while the prevalence of obesity ranges from 8.1% to 22.2%. 6 BMI is a measure of obesity, a cardiovascular risk factor for CVDs like hypertension, diabetes mellitus, stroke, and so on. These cardiovascular risk factors and CVDs are associated with thickening of the arterial walls. The thickness of the wall of the carotid arteries has been used as a surrogate marker for risk of CVD. 7 Increased CIMT is accepted as an indicator of subclinical atherosclerosis 8 and a risk factor for myocardial infarction and stroke in elderly adults. 9 B-mode sonography is a reproducible method to evaluate and characterize adaptive vascular changes such as arterial wall thickening and atherosclerotic progression. It permits accurate quantification of the intima media thickness, which is a measurement of the thickness of the arterial walls. 10, 11 Thickening of the carotid intima media complex also reflects generalized atherosclerosis, 12 and assessment of CIMT has been proposed as a noninvasive measure of CVD burden. 13 Studies in the literature have shown that adult subjects with higher BMI have higher cardiovascular risk than those with normal BMI. 7 With the rapid rise in the prevalence of obesity in Nigeria, a study to evaluate the variation of CIMT (a surrogate marker of cardiovascular risk) with BMI in healthy subjects in our population is necessary. This study therefore aimed to evaluate the variation of CIMT with BMI in apparently healthy adult subjects of African ancestry.
Materials and Methods
The study was approved by the Ethics and Research Committee of the University of Ilorin Teaching Hospital, and written informed consents were obtained from all the study participants. Subjects who had a history of past or current smoking and alcohol consumption, hypertension, diabetes mellitus, and renal disease were excluded from the study. We also excluded subjects with signs and symptoms suggesting peripheral artery disease, myocardial infarction, or stroke and those with a history of angioplasty or coronary artery bypass surgery.
Laboratory Measurements
Venous blood was taken from all subjects in fasting states (after an 8-hour overnight fast) for fasting lipid profile and blood glucose levels to rule out dyslipidemia and diabetes mellitus. Participants who had abnormal blood lipid and glucose levels were also excluded from the study.
Anthropometric Measurements
In the erect position, with head straight and acanthomeatal line parallel to the floor, subjects had their weights and heights measured without shoes on a mechanical column weighing scale attached to a stadiometer (Seca 786 model). Their body weight was measured to the nearest 0.1 kg, while the height was measured to the nearest 0.1 m. Their BMI was calculated using the standard formula. 14 
CIMT Measurement
The common carotid artery (CCA) intima media thickness (IMT) measurements were obtained using Sonoscape Digital Color Doppler Ultrasound System (Model S30; Providian Medical Equipment, Highland Heights, OH) equipped with linear probe with frequency of 7.5 MHz and electrocardiogram gating. With the patient lying in the supine position, the neck was rotated to the opposite side for examination. Longitudinal and transverse sonograms of the CCA were obtained and IMT measurements were taken in the CCA at a point 10 mm proximal to the bulb, which was the reference point of measurement for all study participants. Color and spectral Doppler were employed to determine the carotid bulb, which is the bifurcation of the CCA and corresponds to the origin of the internal carotid artery and external carotid artery in subjects who had no welldefined change in arterial diameter that would identify the "bulb" segment.
Thickness of the intima media was defined as the distance between the leading edge of lumen intima and the leading edge of media adventitia echo.
On transverse view (Figure 1 ), 3 readings were taken in the near and far walls. The average of these 3 readings gave the final near and far wall IMT. The average of the final near and far wall IMT was then taken as the transverse IMT measurement.
The CCA, 10 mm from the carotid bulb, was also scanned by 2 longitudinal views: anterolateral, with the transducer positioned parallel to the anterior border of the sternocleidomastoid muscle ( Figure 2 ) and posterolateral, with the transducer positioned parallel to the posterior border of the sternocleidomastoid muscle ( Figure 3 ). Three readings were performed for both anterolateral and posterolateral views and average of these 3 readings taken as the final anterolateral and posterolateral IMT measurements in order to minimize intraobserver variation. Also, an average of the anterolateral and posterolateral planes was obtained as the final longitudinal IMT measurement. The scanning and measurements in the CCA were done by a single person who is proficient in the use of sonography. This was to minimize interobserver variation.
The averaged longitudinal and transverse measurements gave the main single CIMT measurement for the study on each side of the neck. All images used for measurements were frozen at end diastole.
Statistical Analysis
All the data were entered on a spreadsheet and analyzed using Statistical Package for Scientific Solutions (SPSS) software for Windows version 21.0 (IBM Corporation, Armonk, NY). Continuous variables are presented as mean 6 standard deviation, while categorical variables are presented as frequency and percentages. Descriptive and inferential statistic methods such as the t test, analysis of variance, and chi-square were carried out. Correlation coefficients were used to determine the relationship between age, BMI, and CIMT. A P value of .05 or less was considered as statistically significant.
Results

Sociodemographic, Anthropometric, and Clinical Characteristics of Study Subjects
A total of 300 participants were enrolled in this study. The male-to-female ratio was 0.9:1. A majority of the participants were unemployed (94; 31.3%). The mean age of the participants was 39.53 6 13.19 years. Participants less than 25 years of age constituted 15.0%, 26 to 35 years constituted 29.3%, 36 to 45 years constituted 23.7%, 46 to 55 years constituted 17.3%, 56 to 65 years constituted 12.3%, and those older than 65 years constituted 2.3% of the study population ( Table 1 ). The predominant ethnic group was Yoruba, which accounted for 74.7% of cases. Most of the study subjects were married (71.7%).
Almost one half (46.0%) of the study population were normal weight, while about a third (43.3%) were overweight. The underweight subjects constituted 4.3%, while the obese constituted 15.3%. Majority (46%) of the subjects were of normal weight followed by overweight (34.3%). Over one half (53.5%) of the female subjects were overweight or obese, and 45.5% of their male counterparts were overweight or obese (Table 2) .
Mean Right and Left CIMT
CIMT ranged between 0.3 and 0.8 mm on both sides, with mean values of 0.52 6 0.11 mm on the right and 0.51 6 0.11 mm on the left (Table 3) .
Comparison of CIMT Between BMI Categories
The right, left, and average CIMT were statistically different between the BMI categories (P < .01) except between underweight and normal-weight subjects (P > .05) after post hoc analysis for intergroup differences (Table 4) .
Comparison of CIMT Between Age Groups
There was also a graded increase in the right, left, and average CIMT with increasing age (P < .01), which remained significant among all age groups after matching for intergroup differences ( Table 5) .
Comparison of CIMT Between Sexes
The left, right, and average CIMT values did not differ between males and females on both sides (P > .05) ( Table 6 ).
Correlation of CIMT With Age and BMI Both age (r 5 .824, .825, and .827; all P < .01) and BMI (r 5 .503, .504, and .507; all P < .01) showed strong positive correlations with right, left, and average CIMT, respectively, with age having a stronger correlation than BMI (Table 7) . 15 The mean CIMT in this study was 0.52 6 0.11mm. Heterogeneity in the methods used by different studies at the site of measurement of carotid artery IMT could account for this variation. In this study, measurement of the CIMT in the longitudinal and the transverse planes was employed, and the average of these 2 planes was used as a single CIMT value for each side, similar to previous studies by Casella et al 16 and Okeahialam et al. 17 The anterolateral and posterolateral planes, in relation to the sternocleidomastoid muscle, were used for the longitudinal measurement due to clarity and easy accessibility to the CCA, as supported by Casella et al. 15 The variation in reported mean CIMT values could also be as a result of differences in mean age of the subjects recruited in various studies. Different age limits of subjects have been used for measuring CIMT in different studies. The age range of our subjects was 18 to 70 years, with a mean age of 39.53 6 13.19 years. Subjects within the age group of 26 to 35 years constituted the majority of the study population, followed by those within the age group of 36 to 45 years. Both groups constituted 53% of the study population. This is due to the higher number of young and middle-aged participants meeting the inclusion criteria for this study, presumably as a result of the environment of recruitment. Most of the other studies recruited subjects of higher lower age limits, and this is reflected in the mean CIMT values. Okeahialam et al 17 found the right and left CIMT to be 0.91 6 0.17 mm and 0.91 6 0.13 mm, respectively, in their apparently healthy control subjects aged 30 years to 82 years, with a mean age of 49.2 6 11.02 years. Similarly, Adaikkappan et al, 18 in 70 apparently healthy controls aged 35 to 55 years, found right and left CIMT to be 0.74 6 0.14 and 0.72 6 0.23, respectively. Paul et al, 19 in subjects with a mean age of 44.34 6 1.33 years, found average CIMT to be 0.75 6 0.11 mm. The higher mean values in these other studies is presumably due to the higher mean age of their study participants when compared to ours. In this study, the upper limit of the IMT was found to be 0.58 mm in the 35 to 39 years age group; 0.61 mm in 40 to 49 years; 0.70 mm in 50 to 59 years, and 0.75 mm in those above 65 years of age. This is similar to the findings in a study by Lim et al 20 conducted on adults aged 35 to 75 years, in which they found the upper limit value of the IMT in the CCA to be 0.6 mm in participants aged 35 to 39 years, 0.64 mm in 40 to 49 years, 0.71 mm in 50 to 59 years, and 0.81 mm in those above 60 years of age (P < .001). CIMT increases with increasing age, as observed in this study (r 5 .827 and .823 on the right and left, respectively; both P < .01). There was a significant gradual increase in right, left, and average CIMT with age in the study participants and even in both male and female subgroups. This agreed with earlier findings by Umeh et al, 2 Okeahialam et al, 17 Ibinaiye et al, 21 and Ge et al 22 in different studies carried out in Southwest Nigeria, Southeast Nigeria, Middle-belt Nigeria, and Bangladesh, respectively, who reported a gradual increase in CIMT with age in both men and women. This is presumably due to increased adaptive response of the arterial wall to tensile stress in the absence of arteriosclerosis. 2 The present study showed differences in right, left, and average CIMT values among the 4 BMI groups (underweight, normal weight, overweight, and obese). However, this difference is not significant between the underweight and normal subjects. Similarly, Umeh et al 2 reported that the mean CIMT values for the overweight and obese subjects was higher than the mean CIMT values for the underweight and normal participants. Leite et al 23 reported higher mean CIMT values in overweight and obese patients, when compared with the underweight and normal groups. The right, left, and average CIMT had a strong positive correlation with BMI (r 5 .503, .504, and .507; all P < .01). Contrarily, Ge et al, 22 following a study on a lean rural Bangladeshi population of 526 individuals free of CVD with a mean BMI of 21 kg/m 2 observed no association between BMI and CIMT. This may be due to the lower BMI of the participants recruited into their studies. Umeh et al 2 reported a weak positive correlation between BMI of their study subjects and CIMT on both sides, which was not statistically significant (r 5 .252; P 5 .070) and (r 5 .142; P 5 .236) on the right and the left sides, respectively. Ibinaiye et al 21 found that BMI had a negative correlation with CIMT (r 5 -.23; P 5 .020). However, they studied hypertensive subjects.
Although there were more female participants (52.3% versus 42.3% in men) who were also of higher BMI than their male counterparts, CIMT was not influenced by sex in this study. This observation is contrary to studies done by Paul et al 19 in India and Bangladesh, who found that men had higher CIMT than females. Studies by Vemmos et al, 24 Mannami et al, 25 Sun et al, 26 and Ebrahim et al 27 all showed a significant relationship between CIMT and sex. This may be due to the fact that other reported significant factors, such as hypertension, diabetes, dyslipidemia, chronic renal failure, vasculitis, recent smoking, and high alcohol intake that may have a sex preponderance that influences CIMT, are part of the criteria for exclusion of subjects in this study.
The findings in this study showed no significant statistical difference between the right and left CIMT measurements among adults without the exclusion criteria, which agreed with findings of Okeahialam et al, 16 Vemmos et al, 24 and Umeh et al. 2 This suggests that a single artery evaluation can suffice and will provide adequate information for monitoring and screening of atherosclerosis in the absence of other morbid pathologies.
A limitation to this study is the fact that novel risk factors for CVD and carotid intima media thickening, apart from traditional risk factors, which account for a significant percentage of variation in carotid intima media thickening as reported by previous studies, were not screened for. A further study looking into this is recommended.
The age-and BMI-specific reference values provided in this study can be used to interpret CIMT in similar populations and settings. When compared to some of those in other environments, this study demonstrates that CIMT may simply have racial and environmental differences justifying the search for novel risk factors involved in the regulation of CIMT.
In conclusion, this study shows that CIMT increases with age and BMI, but there is no significant difference in CIMT between males and females. These factors should therefore be considered in the sonographic assessment of CIMT.
